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METHODS OF INVESTIGATION 7

until there 1s another change in water level,

The probe cable, passing around the recorder
pulley, actuates the recorder to record the

change in water level,

As the water level lowers the float in the
probe moves downward, further reducing the
force of the attached U-shaped magnet on the
switch -magnet, and the spring-loaded switch
lever arm closesthe other electrical circuit,
This causes the motor to rotate the cable
reel clockwise and thus lowers the detector
probe until the new water level is reached.
The float then returns to its original position
and causes the switch lever arm to return to
the “off” position.

OTHER WATER LEVEL EQUIPMENT

Equipment and attachments, other than the
three units just described, have been .studied;
three types are described in general terms
below,

The Keck immersion element probably is
the first small-diameter sensing device that
has a probe-activated rather than a float-
activated float line. This equipment consists
of a weighted probe suspended in the well by
an electric cable that passes over the re-
corder pulley and is attached to a reel pow-
ered by a 6-volt motor. The probe consists
of a pressure-sensitive switch encased in a
flexible rubber membrane, As the water
level rises or lowers in the well, the result-
ant change in pressure is transmitted by the
membrane to the pressure switch., The
switch, through the electric circuit, actuates
the reel motor, and the probe is raised or
lowered as required until it reaches a neutral
pressure position at the new water level,
The probe then remains at rest until the wa-
ter level changes again,

Several models of the Keck immersion ele-
ment were designed and constructed; the
differencesbetween models are mainly in the
number of conductors in the electric cable
used for the float line, Model KDC-1 has a
3-conductor cable; model KDC-2 has a 2-
conductor cable with an added relay circuit;
model KDC-3 has a 1-conductor cable, the
well casing serving as the other conductor.

The Criner gage attachment consists of a
water-level-sensing probe attached to a 3-
conductor cable that passes overthe recorder
pulley to a powered reel. The reel is pow-
ered by two 6-volt lantern batteries. Within

the probe, a mercury switch is connected by
a linkage to a small float that tilts the switch
as it responds to a change in water level, As
the switch tilts, one side of an electric cir-
cuit is closed, and this causes the motor-
powered reel to take in or let out cable until
the probe reaches equilibrium at the new wa-
ter level, When this position is reached, the
probe remains at rest until the water level
changes,

In 1954 the junior author contacted elec-
tronics manufacturers to inquire if they man-
ufactured an electronic pressure-sensing de-
vice of small diameter, As part of the present
project, renewed contacts with manufacturers
indicated that at least 20 of them were pro-
ducing pressure transducers, A pressure
transducer is a device designed to convert
pressure changes to changes in electrical
current or voltage. A pressure transducer
installed below the lowest water level ex-
pected in the well can be used to determine
changes in water level by recording the
change in pressure as the head above the
transducer changes,

There are two principal methods of con-
verting pressure changesto usable electrical
data. The amplitude-modulated system con-
verts the output from the transducer to a
proportional d-c voltage or current that can
be recorded on such equipment as cathode-
ray oscilloscopes, strip-chart recorders, or
magnetic oscillographs. Thefrequency-mod-
ulated system converts the output from the
transducer into a proportional frequency that
can be used on equipment such as magnetic
tape recorders or frequency counters. Most
transducers require demodulators or ampli-
fiefs inthe electrical circuit to the recording
equipment.

There are several primary types of pres-
sure transducers, all having few moving parts
(Berkley, 1958, p. 2-326 to 2-358). Some are
of the variable-reluctance diaphragm type, in
which the only moving part is a small metal
diaphragm that moves only a few thousandths
of an inch in an air gap between electromag-
netic pole pieces, In the Bourdon tube-type
transducer, the displacement of a Bourdon
tube is transmitted directly to the moving
contact of a precision wire-wound potenti-
ometer, producing an electrical output pro-
portional to the input pressure, With the
strain-gage transducer, four strain gages are
connected in a Wheatstone bridge circuit,
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which isbalanced at zero pressure—all arms
having approximately equal resistance. As
pressure is applied, the grids of the strain
gages are strained, with a resulting change in
their electrical resistance, and the bridge
becomes unbalanced. When an external fixed
voltage is applied at the input terminals, this
unbalance is reflected as a change in voltage
at the output terminalsthat is proportional to
the change in pressure.

EVALUATION OF EQUIPMENT
DRESCHER, COLUMBUS, AND KOOPMAN ATTACHMENTS

Many factors need consideration in the
evaluation and selection of equipment for re-
cording water-level changes in small-diame-
ter wells. Thesefactors are discussed inde-
tail for the Drescher, Columbus, and Koopman
gage attachments,

RECORDING ACCURACY

The ability of a gage attachment to trans-
mit accurately a small water-level change in
awell to a recorder chart is of primary con-
cern, The principal factors affecting this
accuracy are design of the float, float and
float-line friction, sensitivity of the switching
mechanism to movement of the float when
water levels change, and the condition of the
power supply.

The type and design of the small-diameter
floats used in this evaluation (fig. 3) had a
bearing on the accuracy of the Drescher and
the Columbus attachments., The Drescher
float-gage attachment gave the best results
when equipped with a 1 3/8-inch plastic float
of type H. Float types A,D, and C were next
best, in that order. The Columbus cradle-
gage attachment comes equipped with a float
of type B, but any of the small-diameter floats
will work, All the floats, except types Fand
G, will fit inside 13-inch pipe.

Float and float-line friction, or “drag,”
against the well casing greatly affects the
recording accuracy of the Drescher and the
Columbus attachments, For float-activated
attachments of this type, this problem be-
comes especially acute in crooked or deep
wells, The drag between the float and the
well casing can be reduced by the addition of
a light oil, such as kerosene, to the water
surface, However, the largest error is not

caused by float drag, but by float-line drag
along the well casing, Although small-dia-
meter monofilament nylon line had less drag
than other float -line material, it did not com-
pletely overcome the problem. The drag ef-
fects are more easily understood when it is
realized that one of the small-diameter floats
may have a total weight of only 6.5 ounces,
and the weight added to or subtracted from
the float lineby a decline or rise of the water
level would be only 0.2 ounce for an 0.1-foot
change,

When the Drescher and the Columbus at-
tachments were carefully installed in the
laboratory test tank or on a shallow well in
the field, and the float line was prevented
fromdragging along the casing, their record-
ing accuracy was approximately 0.02 foot,
(Seefig. 7 for an example of a Drescher-gage
record.) As installed on the deep observation
wells near Denver, Colo., and Madison, Wis,,
however, the gage attachments showed a pro-
nounced effect from float and float-line drag.
(See figs. 8 and 9.)

Figure 9 shows that the record of water-
level fluctuations obtained by the Columbus
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cradle-gage attachment corresponds gener-
ally with that obtained by the standard water-
level recorder, However, fluctuations of less
than 0,02 foot are not discernible, and the
record for February 3, 1959, is in error as
much as 0.09 foot,

The Koopman ferret-gage attachment ob-
tained records of water-level changes on
wells of considerable depth with an accuracy
0f0.01foot, As shown in figure 10, the record
of water-level changes obtained with this unit
corresponds very closely tothat obtained with
a standard water-level recorder. The tend-
ency to produce “steps” was not nearly as
great as that with either the Drescher or the
Columbus attachment. Thus, the principal
disadvantage of the Drescher and Columbus
attachments—float and float-line drag and
hang-up—is not a problem with the Koopman
ferret-gage attachment because the weight
of the detector probe overcomes the drag
forces.

The sensitivity of the switching mechanism
tothe float movement also is very significant.
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Figli\‘e 10, —Comparison of water-level record from recorder with
3% - inch~diameter float with record from similar recorder with
K%opman ferret-gage attachment,

Both the Drescher and the Columbus attach-
ments required about an 0.01-foot change of
water level to raise or lower the float a suf-
ficient amount to actuate the switches and
drive the recorder, The Koopman attachment
will respond to a water-level change of 0.005
foot.

The condition of the battery power supply
was critical, The accuracy of the Drescher
and Columbus attachments was affected by
weak batteries, When weak batteries were
purposely used as the power supply for these
two attachments, the record shown in figure
11 was obtained, This record shows a poor
response to water-level changes even though
the response normally would be good for
wells having such a shallow depth to water,
To avoid this effect, the batteries 'should be
replaced after a maximum of 60 days of nor-
mal use,.

The Koopman ferret-gage attachment also
was affected by a power loss but much less
than were the other two attachments, owing to
a better float-to-switch response and to a
longer peak-power life provided by the mer-
cury-battery pack., The battery pack could.
operate efficiently for approximately 90 days
under normal conditions.
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RATE OF RESPONSE TO WATER-LEVEL MOVEMENT

The rate of response to water-level move-
ment is determined by gear-drive and motor-
speed ratios and also by an increase in the
amount of power supplied to the motors. The
Drescher float-gage, Columbus cradle-gage,
and Koopman ferret-gage attachments had a
rate of response to water-level movement of
1, 3,and 2 feet per minute, respectively. The
response rate could be safely increased to 2,
6, and 4 feet per minute by gear-ratio
changes. The response rate of the Drescher
and Columbus attachments could be doubled
again—4 and 12 feet per 'minute, respec-
tively—by doubling the power supplied to the
motors, This increase, however, should be
used only for short periods, such as during
aquifer tests, because continuous operation
at the higher voltage could injure the motors.,

EASE OF REPAIR IN FIELD

Because of the possibility of a malfunction
of a gage attachment and a resulting loss of
record, the ease of repair in the field is a

significant factor. The Drescher and Colum-
bus attachments are of simple construction
and could be maintained and repaired by most
field personnel with a minimum of instruc-
tion. The Koopman ferret-gage attachment,
however, is more complex and, except for a
battery change, could not be easily serviced
or repaired in the field. Although the sealed
design of this instrument makes it virtually
trouble free, it probably would be necessary to
maintain a spare attachment inthe field to be
used while a faulty unit was being repaired.

STABILITY UNDER INFLUENCE OF WEATHER

If the gage attachments are installed inside
a recorder house, the effect of weather (tem-
perature, humidity, and wind) is negligible,
except for the Columbus cradle-gage attach-
ment, With this attachment, temperature
changes of only 10°F cause loss of sensitivity
to water-level movement and even a shorting
of the circuit, followed by battery failure.
These effects are due to the design of the
recorder framework, which is constructed of
plastic, steel, aluminum, and brass sheets,
all fastened together in such a manner that
differences in expansion or contraction cause
undue movement of the contact points.

The moisture in humid climates or dust in
dry climates may injure the reel motors on
the Drescher and Columbus attachments,

In the absence of a protective shelter, wind
could cause considerable difficulty in the
balance of both the Drescher and the Colum-
bus attachments.

The Koopman ferret-gage attachment is
completely enclosed and is not affected by
any of these conditions,

EASE OF INSTALLATION

The Drescher and Koopman attachments
are small and are simple enough that they
canbe installed with a minimum of effort and
instructions, The time required for installa-
tion of either of these attachments would ex-
ceed only slightly the time required for the
installation of a standard water-level re-
corder. The Columbus cradle-gage attach-
ment is so designed that its size and weight
(approximately 40 1b) make installation some -
what difficult and time consuming.
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ADAPTABILITY TO STANDARD WATER-L EVEL RECORDERS

Although the Drescher attachment was de-
signed to be used with the standard water-
level recorder, it can be adapted easily to
operate any water -level recorder that uses a
horizontal-shaft pulley to drive the recorder
drum., The Columbus cradle-gage attach-
ment would require a complete new design
before it could be used with any recorder
other than the Stevens type F or FM. The
Koopman ferret-gage attachment was de-
signed to be used with any standard water-
level recorder,

OTHER EQUIPMENT

The Keck immersion element was used
with some success in several localities
where the units could be closely observed
and where personnel were proficient in main-
tenance and repair. Model KDC-1 proved to
be the most satisfactory of the three models
but had the disadvantage of requiring bulky
and expensive 3-conductor cable. The rub-
ber membrane of the immersion element
and the insulation on the electric cable de-
teriorated rapidly, and the resulting leaks
quickly shorted the electric circuit. These
difficulties prevented universal acceptance
of this device, and its development was dis-
continued. The device costs $50 to $100 to
construct.

The Criner attachment offers a possibility
for general use in all types of wells, because
its motion is powered by a sensing probe. If
the probe could be made heavier, effects of
“drag” could be overcome; and the attach-
ment would provide greater sensitivity than
devices having larger floats, However, this
attachment has several other disadvantages—
it requires bulky and expensive 3-conductor
cable and a specially constructed mercury
switch, and the mechanical connections with-
inthe sensing probe are subject tocorrosion,
This attachment probably costs between $50
and $100 to construct.

Electronic pressure transducers are po-
tentially promising for use in automatic re-
cording of water-level movements in small-

diameter wells., Answers to questionnaires
and personal interviews withmany producers
of transducers have been encouraging. An
accuracy of at least 1 percent and as small
as 0.5 percent of full scale can be obtained
readily, and it is hoped that further develop-
ment will provide even greater accuracy.
Installation of transducer equipment by un-
skilled personnel would be virtually impossi-
ble, however, Transducers cannot be adapted
to - existing water-level recorders, and the
cost of installation would be high. Excluding
development costs, a transducer. with digital
read-out would cost approximately $1,000,
and with recorder, approximately $1,500,

SUMMARY

The characteristics considered tobe of the
most importance in this evaluation are sum-
marized in the table on the following page.

The Koopman ferret-gage attachment ob-
viously is superior to the other gage attach-
ments evaluated in this study. Its primary
advantage is its ability to overcome drag and
thus to record water levels accurately in
deep or crooked wells, It is also more sen-
sitive and efficient in recording water levels
in shallow wells and in wells of small
diameter,

Because of its simple construction, sim-
plicity of operation, ease of maintenance, and
low cost, the Drescher float-gage attachment
is good for use on wells where the water
level is less than 50 feet below the land sur-
face.

The pressure transducer offers consider-
able promise for future use in water-
resources work and its evaluation will con-
tinue, Its general application is limited by
its high cost and complicated electronic cir-
cuits, but it does offer an accurate means of
recording water-level changes in small-
diameter or crooked wells of great depth. In
addition, transducers offer the intriguing
possibility of recording water -level changes
in observation wells at a considerable dis-
tance from a central-office recorder.
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Evaluation summary for the Drescher float-gage, Columbus cradle-gage, and Koopman ferret-gage attachments

Drescher Columbus Koopman
Factors considered float-gage g¢radle-gage ferret-gage
attachment attachment attachment
Recording accuracy for depths
to water of less than 50 ft oo oceeaaooo. feet... 0.02 0.02 0.01
Recording accuracy for depths
to water of more than 50 ft. oo occmoon. f(-Y=1 F ISR IPIPIOP DR 01
Rate of response to water-
level movement oo ooooo-__ feet per minute_.. 1 3 2
Approximate codst in 1960 cccccmcneaa dollars... 60 - 200 250
Ease of repair in fielde o e oo cecaecceem Good Good Poor
Stability under
influence of weather:
Temperature «cccceeccccccececarceaceaan- Fair Poor Good
MOiStUIr€ v o e ce e e cec e e cccccm———————— Poor Fair Good
Wind oo e cmeccccacaan Fair Poor Good
Ease of installation oo ccoocooccaooooooooo. Good Fair Good
Adaptability to all standard water-level
o =TeTe3 ofs (3 of - SR Good Poor Good
Reliability under ideal conditions - ccocoecoaa-- Fair Fair Good
Simplicity of operation o oocoooc oo caao- Good Fair Good
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